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Abstract.  
Organo Arizona SAz-2 Ca-montmorillonite was prepared with different surfactant (DDTMA 
and HDTMA) loadings through direct ion exchange. The structural properties of the prepared 
organoclays were characterized by XRD and BET instruments. Batch experiments were 
carried out on the adsorption of bisphenol A (BPA) under different experimental conditions 
of pH and temperature to determine the optimum adsorption conditions. The hydrophobic 
phase and positively charged surface created by the loaded surfactant molecules are 
responsible for the adsorption of BPA. The adsorption of BPA onto organoclays is well 
described by pseudo-second order kinetic model and the Langmuir isotherm. The maximum 
adsorption capacity of the organoclays for BPA obtained from a Langmuir isotherm was 
151.52 mg/g at 297 K. This value is among the highest values for BPA adsorption compared 
with other adsorbents. In addition, the adsorption process was spontaneous and exothermic 
based on the adsorption thermodynamics study. The organoclays intercalated with longer 
chain surfactant molecules possessed a greater adsorption capacity for BPA even under 
alkaline conditions. This process provides a pathway for the removal of BPA from 
contaminated waters.   
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1. Introduction 
Endocrine disrupting chemicals (EDCs), which can cause abnormalities in the functioning of 
endocrine systems, are of great public and environmental concerns [1]. EDCs are released 
into the environment by human activity, and may be removed by treatment before reaching 
the environment using wastewater treatment plants (WWTPS) [2]. However, no complete 
removal of EDCs can be achieved in the discharge of WWTPS due to their complex 
structures and low biodegradability [2, 3]. Many EDCs are organic compounds with one or 
more phenolic groups such as bisphenol A (BPA). In the plastic industry, BPA is widely used 
as a monomer in the manufacture of polycarbonate plastics and epoxy resins [4-6]. The wide 
usage of BPA in household and commercial products has resulted in the release of BPA into 
the surrounding environment. Hence, BPA is selected as the test molecule in this adsorption 
study.  
 
Insert Figure 1 here please 
The molecular structure of BPA is shown in Fig. 1. During past decades, a variety of 
techniques have been used for the removal of BPA, such as adsorption [6], ozonation [7],  
Fenton degradation [8], photocatalytic decomposition [9], electrochemical oxidation [10], 
UV/H2O2 oxidation [11]and biodegradation [12]. However, the development of simple and 
highly efficient methods for the safe remediation of BPA is still urgently required. Among 
these treatment techniques, physical adsorption is generally considered to be the most 
efficient method for rapid removal of BPA from the effluent, and it has advantages over the 
other techniques including relatively lower operating expense, ease of operation, and 
production of fewer secondary products [13]. Among many common adsorbents including 
natural materials and activated carbon, the naturally abundant clay minerals such as 
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montmorillonite are potential adsorbents due to their low cost, swelling properties, high 
surface area and ion exchange properties [14]. The hydrophilic clays can be converted to 
hydrophobic organoclays through replacing the exchangeable cations in the interlayer space 
with organic cationic surfactants [15]. Organoclays have proven to be useful adsorbents for 
phenolic compound as detailed in the literature [16-18]. Considering that BPA has two 
phenolic groups, organoclays were selected as suitable adsorbents for the removal and 
accumulation of BPA from aqueous media in this work.   
The conventional first step of organoclay synthesis is the transition of exchangeable 
metal ions from Ca-montmorillonite to Na-montmorillonite using a Na2CO3 solution [19-22]. 
In this work, an Arizona Ca-montmorillonite with a relatively high cation exchange capacity 
was selected as the source clay. The organoclays were prepared through direct ion exchange 
with different surfactant loadings. The structural properties of the obtained organoclays 
including basal spacings, specific surface area and pore size were characterized by XRD and 
BET techniques. To the best of our knowledge, the removal of BPA by organo Ca-
montmorillonites has not been previously investigated. In this study, the adsorption capacity 
of organoclays towards BPA was investigated through a series of batch experiments under 
different experimental conditions including adsorption kinetics, temperature, solution pH, and 
different BPA concentrations. The adsorption mechanisms involved in the adsorption of BPA 
by the organoclays are proposed.  
 
2. Materials and Experimental methods 
2.1. Materials 
The pure Ca-montmorillonite obtained from the clay mineral repository, denoted as 
SAz-2-MMT and was used without further purification. The cation exchange capacity (CEC) 
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of SAz-2-MMT is 120 meq/100g. The long chain surfactants selected for the organoclay 
complexes in this study are dodecyltrimethyl ammonium bromide (labelled as DDTMA, 
CH3(CH2)11N(CH3)3Br) and hexadecyltrimethyl ammonium bromide (labeled as HDTMA, 
CH3(CH2)15N(Br)(CH3)3), supplied by Sigma–Aldrich with a purity of 99%. 
2.2. Synthesis and characterizations of organoclays 
The synthesis of organoclays was carried out using the following procedure: 4 g of 
SAz-2-MMT was initially dispersed in 400 mL of deionised water with a Heidolph magnetic 
stirrer for about 30 min. A predissolved stoichiometric amount of surfactant dissolved in 100 
mL of deionised water and then stirred for a further 30 min. The dissolved surfactant was 
slowly added to the clay suspension at room temperature (about 24°C). The CEC of the Ca-
montmorillonite is 120 meq/100 g, which represents a measure of the loading capacity of the 
clay towards the cationic surfactant. For instance, 1.0 CEC is applied when 120 meq/100 g is 
intercalated into the SAz-2-MMT. During the synthesis, a range of surfactant concentrations 
from 0.5 CEC through 2.0 CEC was prepared and labelled as S-0.5 CEC, S-1.0 CEC, S-1.5 
CEC and S-2.0 CEC, respectively. The mixtures were stirred for 3 h using a Branson 
Ultrasonic model 250 sonifier. All organoclay products were washed free of bromide anions 
as determined by the use of the AgNO3, dried at room temperature, and dried further in an 
oven (at 65°C) for 12 h. The dried organoclays were ground in an agate mortar, and stored in 
a vacuum desiccator.  
The prepared organoclays were characterized by X-ray diffraction (XRD) and surface 
area measurements (BET method). X-ray diffraction (XRD) conditions were already 
described in our previous studies [23]. The pore structure parameters relating to surface area, 
pore volume and average pore size were characterised from N2 adsorption–desorption 
isotherms using a Micromeritics Tristar 3000 instrument.  
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2.3. Batch adsorption experiments  
The batch experiments were carried out to determine the adsorption capacity for BPA on 
SAz-2-MMT and the synthesised organoclays. Initially, BPA solution was prepared in 
ethanol as a stock solution (5000 mg/L) due to its low solubility in water, which was further 
diluted with water for the preparation of different BPA concentrations. A certain amount of 
adsorbent was placed in sealed 50 mL centrifuge tubes with 40 mL of BPA solutions. The 
bottles were placed in a rotary shaker or a shaking water bath for 12 hours in order to reach 
equilibrium at the appropriate temperature. After shaking, the mixture was filtered through 
0.22 µm filters (hydrophilic PTFE membrane) and the supernatants were analysed by a high-
performance liquid chromatography (HPLC, Agilent HP 1100) system coupled with a Luna 
5µ C18 column (Phenomenex Pty Ltd) and a UV absorbance detector. A mobile phase 
mixture containing of 70 % methanol and 30 % water at a flow rate of 0.1 mL/min and 40 µL 
of injection volume was used for this study and the detector was operated at 278 nm. To 
undertake the adsorption kinetics, the adsorbents were added with an initial BPA 
concentration (100 mg/L) at room temperature in order to determine the minimum time to 
reach the equilibrium concentration. The concentrations of BPA were measured at different 
time intervals from 10 min to 240 min. To evaluate the thermodynamic properties, the 
adsorbed concentrations of BPA solution by the organoclays were obtained at 24°C, 35°C, 
and 45°C, respectively. Similarly, the effect of solution pH on the adsorption of BPA (with 
initial BPA concentration of 100 mg/L) was studied by adjusting the pH of BPA solution 
(using either 0.1 M HCl or NaOH). The amount of the adsorbed BPA was calculated as 
follows.        
1000
)(


M
CCV
q eie                                                                                  
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where, qe is the amount of adsorbate adsorbed (mg/g), Ci is the initial concentration of the 
adsorbate solution (mg/L), Ce is the equilibrium concentration of the adsorbate solution 
(mg/L), V is the volume of aqueous solution containing adsorbate (mL), and M is the mass of 
the adsorbent (g).  
3. Results and Discussion 
 
3.1 Characterization of the synthesized organoclays 
3.1.1 XRD analysis 
The XRD data of the as supplied Arizona Ca-montmorillonites and the prepared 
organoclays modified with different surfactants at different surfactant loadings are described 
elsewhere [23, 24] and are summarised in Table 1. The SAz-2-MMT has a d-spacing of 1.56 
nm. With increased loading of the surfactants, the expansion of the layers in each step was 
observed. Compared with the organic SWy-2-Na-montmorillonites modified by DDTMA and 
HDTMA published by Park et al., higher d-spacings were obtained at same surfactant loading 
[25, 26]. The observed interlayer spacings of SAz-2-MMT and the organoclays suggested the 
occurrence of changes in structural configuration of the molecules. At low surfactant loading 
(0.5 CEC), there was a lateral monolayer arrangement. From 1.0 CEC to 2.0 CEC for 
DDTMA, the d values increased slightly from 1.94 to 2.03 nm, which implies that the 
arrangement of DDTMA molecules in the interlayer space is changed from monolayer to 
bilayer. As for organoclays modified by HDTMA, the configuration of the structure of the 
molecules indicated a different trend. At the 1.0 CEC level, the basal spacing is 2.51 nm 
reflecting a paraffin-type monomolecular layer arrangement. When the surfactant loading is 
further increased, the basal spacing is further increased to 3.8 nm, which is attributed to a 
paraffin-type bilayer layer arrangement. In conclusion, the chain length of the surfactant as 
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well as the surfactant loading does significantly influence the molecular conformation of the 
intercalated surfactant. 
 
Insert Table 1 here please 
3.1.2 BET analysis 
Fig. 2 displays the nitrogen adsorption–desorption isotherms of SAz-2-MMT and the 
organoclays. The isotherms belong to a Type II sorption behaviour according to the Brunauer, 
Deming, Deming and Teller (BDDT) classification [27]. The hysteresis loops of isotherms 
for SAz-2-MMT and the organoclays followed type H5 in the International Union of Pure 
and Applied Chemistry (IUPAC) classification and indicate the presence of mesopores in 
keeping with the observations that the large uptake of nitrogen was close to the saturation 
pressure and the apparent adsorption step was associated with a sharp decline desorption 
branch [28]. The nitrogen adsorption of SAz-2-MMT is much higher than that of the 
organoclays indicating that SAz-2-MMT possesses a higher specific surface area. The 
specific surface area (SBET), pore volume (VP), as well as the average adsorption and 
desorption pore size are summarised in Table 1.  The BET surface area and pore volume 
calculated for SAz-2-MMT and the organoclays decreased with increasing surfactant loading. 
At higher surfactant loadings, more sorption sites existed in the interlayer space of clay which 
leads to an increase in adsorption and desorption pore diameter and decrease in both the 
surface area and pore volume [17]. Compared with DDTMA modified organoclays, the BET 
surface area and pore volume for HDTMA modified organoclays decreased more 
significantly after modification even at lower surfactant loadings. This is explained by the 
changes of the surfactant molecular arrangements of DDTMA and HDTMA modified 
organoclays as determined by XRD analysis. Hence, it seems that the chain length of the 
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surfactant as well as surfactant loading influence the pore structure which determines the 
sorption mechanisms. 
 
Insert Figure 2 here 
3.2 BPA adsorption kinetics  
The variation of the amount of BPA adsorbed onto the SAz-2-MMT and organoclays as a 
function of the agitation time was investigated and the experimental results are presented in 
Fig. 3. It is observed that the adsorption of BPA on SAz-2-MMT was extremely low, which 
was no doubt due to the hydrophobic nature of BPA and the hydrophilic property of 
montmorillonite surface. Conversely, the removal of BPA by the organoclays increased very 
rapidly with agitation time and reached equilibrium at round 5 min. The fast removal rate 
implies strong adsorption interaction between the organoclays surface and this hydrophobic 
compound. 
Insert Figure 3 here 
Two conventional kinetic models (pseudo-first order and pseudo-second order) were applied 
to test the experimental data and to assess the adsorption mechanism involved in the 
adsorption process. The pseudo-first model, expressed by Lagergren is the most widely used 
for adsorption kinetic behavior based on solid capacity [18]. The pseudo-first order models 
can be expressed as follows: 
ln (qe−q) =ln qe−k1t                                                                                                                   (1) 
where k1 is the rate constant of pseudo-first order reaction (min-1), qe is the removal amount 
of BPA at equilibrium (mg/g) and qt is the removal amount of BPA at any time t (mg/g). The 
10 
 
values of qe and k1 can be determined from the intercept and the slope of the linear plot of 
ln(qe−q) versus t. The pseudo-second model is another common kinetic model developed by 
Ho and Mckay [29]. The rate equation is expressed as: 
e2t qq
1
q 2e
t
k
t                                                                                                                           (2) 
where k2 is the rate constant of pseudo-second order reaction (min-1). Hence, the constants 
can be determined from the linear plot t/qt against t as described in Fig. 4.  
Insert Figure 4 here please 
The parameters of pseudo-first model and pseudo-second model are summarized in Table 2. 
The pseudo-second order kinetic model fitted our results better than the pseudo- first order 
model, which is similar to previously published results [28, 30, 31]. In addition, the 
organoclays prepared at lower surfactant loadings exhibited higher adsorption rates than 
those modified with higher surfactant loadings. These observations are due to the decrease of 
specific surface area at higher surfactant loadings. On the other hand, there was no difference 
among the organoclays prepared at different surfactant loadings (1.0 CEC or 2.0 CEC). This 
indicates that the increase of surfactant loading alone may not increase the adsorption active 
sites. The HDTMA modified organoclays showed a better adsorption capacity for BPA than 
that obtained by using DDTMA. The results indicate that the longer chain surfactant with 
more active groups can enhance the adsorption of BPA. 
Insert Table 2 here 
3.3 BPA adsorption isotherms  
The surface property of the absorbent and maximum adsorption capacity can be obtained 
from the parameters derived from the equilibrium equation. In this study, two classic physical 
11 
 
isotherm models, namely: Langmuir and Freundlich isotherm models were used in order to 
study the mechanism of adsorption system. The Langmuir isotherm model is applied to 
analysis the interaction between the BPA and absorbent when the adsorption process reaches 
equilibrium [31]. It is assumed that the adsorption process is monolayer, which means no 
further adsorption occurs once adsorption takes place at specific sites in the adsorbent. Hence, 
the adsorption is strongly related to the surface area of the absorbent and driving force such 
as London-van der Waals force. The relationship is expressed as follows: 
L
e
e
K
cc
mme q
1
q
1
q
                                                                                                                    (3) 
where qe is the adsorbed BPA amount per gram of absorbent (mg/g), ce represents the 
equilibrium concentration of BPA in solution (mg/L), KL is the Langmuir constant (L/mg) 
and qm represents the maximum adsorption capacity of the adsorbent (mg/g). Experimental 
values of qm and KL are calculated from the slope and intercept of the linear plot of ce/qe 
against ce. 
On the other hand, the Freundlich model is an empirical expression, which assumed that a 
multilayer adsorption occurs on the heterogeneous surface or surface supporting sites of 
various affinities [18]. The equation is described as follows: 
Fe Kc lnlnn
1qln e                                                                                                                   (4) 
where KF and n are the Freundlich constants which represent the adsorption capacity and 
adsorption strength, respectively. The magnitude of 1/n quantifies the degree of heterogeneity 
of the adsorbent surface and the favourability of adsorption [31]. If n > 1, the adsorption 
process is favourable and new adsorption sites form on the surface of the adsorbent. KF and n 
can be obtained from the intercept and slope of the linear plot of ln qe versus ln ce. 
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The relative parameters based on Langmuir and Freundlich at three different temperatures 
were calculated and listed in Table 3. According to the correlation coefficient (R2) values, it 
is suggested that the adsorption of BPA on the organoclays is better modelled by the 
Langmuir isotherm than the Freundlich isotherm. This result is similar to the adsorption 
process using other materials [31, 32]. These results indicate that the BPA molecules are 
bonded as a monolayer on the surface of the organoclays. Higher adsorption capacity was 
observed at the lower temperatures indicating the adsorption of BPA by the organoclays is 
more favourable at lower temperature. In addition, the maximum adsorption amount of 
organoclay for BPA at room temperature is around 151.52 mg/g. The adsorption capacities 
for BPA based on other materials previously reported in the literature are summarised in 
Table 4. The adsorption capacity by organoclays in present study is among the highest 
compared with other adsorbents excepted for lignin and some active carbon materials. 
However, the naturally abundant clay minerals are more desirable for industrial applications 
due to their low cost. 
Insert Table 4 here please 
3.4 Adsorption thermodynamics  
The adsorption thermodynamic study provides more in-depth information about the internal 
energy changes during the adsorption process. The adsorbed amounts of BPA by the 
organoclays were determined in a range of temperatures from 297-318K. The standard free-
energy change (ΔG°), the standard enthalpy change (ΔH°), and the standard entropy change 
(ΔS°) are calculated from the temperature-dependent adsorption isotherms to predict the 
adsorption process. The standard free energy change (ΔG°) can be calculated from the 
following equation: 
ΔG°= −RT ln K                                                                                                                         (5) 
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where R is the universal gas constant (8.314 J/mol·K) and T is the absolute temperature (K). 
The distribution adsorption coefficient (Kd) is calculated as follows: 
m
V
C
CCK ed
e
0                                                                                                                           (6) 
where C0 is the initial concentration (mmol/L), Ce is the equilibration concentration (mmol/L), 
V is the volume of the suspension (L), and m is the mass of the organoclay (g). The 
adsorption equilibrium constant (K°) can be calculated by plotting ln Kd versus Ce and 
extrapolating Ce to 0. The value of the intercept is that of ln K°. 
The standard enthalpy change (ΔH°) and the standard entropy change (ΔS°) are calculated by 
the following equation: 
RT
H
R
SK ln                                                                                                                    (7) 
According to equations 5-7, the thermodynamic parameters including the standard free 
energy (ΔGº), the standard enthalpy change (ΔHº), and the standard entropy change (ΔSº) are 
summarized in Table 5.  
Insert Table 5 here please 
The negative standard free energy (ΔGº) proves that the adsorption process is spontaneous. In 
addition, the free energy values become more negative with decrease in reaction temperature, 
which indicates that the adsorption process of BPA on organoclays is more favourable and 
spontaneous at lower temperatures. A negative ΔSº indicates a decrease in randomness or 
disorder at the solid-liquid interface during the adsorption process [40]. The negative 
enthalpy change (ΔHº) and the entropy change (ΔSº) suggest that the adsorption of BPA is an 
exothermic process, which is in line with the decrease in the adsorption capacity for BPA 
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with increasing reaction temperature. In particular, the adsorption enthalpy of BPA onto the 
HDTMA modified organoclays modified at 2.0 CEC level is more negative than those 
prepared at 1.0 CEC, which means that the organoclays prepared at higher surfactant loadings 
interacted with BPA strongly.  
3.5 Effect of solution pH   
The solution pH is another important factor in determining the adsorption properties of an 
adsorbent. Fig. 5 displays the variation in the amount of adsorbed BPA by SAz-2-MMT and 
organoclays with the initial solution pH ranging from 3 to 11.   
Insert Figure 5 here 
As illustrated in Fig. 5, BPA adsorption capacity for organoclays shows little change under 
acidic pH condition. As for organoclays modified by DDTMA, when the solution pH rose 
above 8, the adsorption capacity for BPA gradually decreased. The siloxane (Si-O) group in 
the tetrahedral sheets on the external surfaces of SAz-2-MMT becomes Si-O- and are further 
converted into Si-OH by accepting protons or hydroxyls [18]. At an alkaline pH, the surface 
Si-O group is fully or partially deprotonated resulting in increase in the negative charges on 
the surface of the organoclays. On the other hand, BPA is maintained as neutral molecules if 
the solution pH goes below pKa. For pH > 8.0, the BPA molecules were mostly ionized to 
mono- or di-valent anions after deprotonation [6]. Hence, the repulsive electrostatic 
interactions between the negatively charged surface of the organoclays and the biophenolate 
anions are the main reasons for the reduction of the adsorption capacity under alkaline pH 
conditions. It is also observed that the organoclays with higher surfactant loadings and those 
prepared with longer chain surfactant molecules (HDTMA) were less influenced by the 
solution pH and consistently possess high adsorption capacity for BPA even under the 
alkaline conditions. As described in the XRD analyses, the arrangement of surfactant 
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molecules in the interlayer space was changed from monolayers to bilayers and then, to 
paraffin-type layers with increasing surfactant loading which created a more positive charge 
on the organoclay surface by shielding the negative charge from the surfactant molecules [2]. 
This arrangement of surfactant molecules results in a positively charged interface on the 
organoclays, leading to an increase in adsorption of BPA with increase in the pH of the 
solution. 
4. Conclusions 
In this study, the Arizona Ca-montmorillonite with a high CEC was directly intercalated 
with two long chain cationic surfactants (DDTMA and HDTMA) without prior exchange 
with Na+. The properties changed from hydrophilic to hydrophobic. The structural properties 
of the prepared organoclays including basal spacings, specific surface area and pore size were 
obtained using XRD and BET analyses. The characterised organoclays were tested for their 
adsorption capacity to remove BPA from aqueous solutions and the experiments indicated 
that these materials possess excellent adsorption capacity for BPA from aqueous solution. 
The maximum adsorption capacity (qm) of the prepared organoclays for BPA obtained from 
the Langmuir isotherm was 151.52 mg/g at 297 K, which was among the highest compared 
with that of other. The influence of the experimental conditions on the adsorption 
performances of BPA from aqueous solution, such as the reaction time, temperature and 
solution pH, was systematically studied. The kinetics and isotherm data obtained from the 
experimental study can be well fitted with the pseudo-second-order kinetic model and the 
Langmuir isotherm,. The adsorption reaction of BPA by organoclays was a spontaneous 
exothermic process. The adsorption of BPA was significantly influenced by solution pH and 
the optimum solution pH for DDTMA modified organoclays should be controlled at acid 
condition. The prepared organoclays intercalated with more surfactants or longer chain 
surfactant molecules were less influenced by the solution pH because of the increase of 
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positive surface charge. This study demonstrated that the organic Arizona Ca-MMT modified 
by long chain surfactants is a promising adsorbent for environmental pollutants.  
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Table 1. Structural and surface parameters of SAz-2-MMT and organoclays. 
Sample ID d001 (nm) SBET (m2/g) VP (cm3/g) BET pore size (nm) 
 
SAz-2-MMT 1.56 75.725 0.126 6.649 
DDTMA-0.5 CEC 1.60 16.814 0.053 12.702 
DDTMA-1.0 CEC 1.94 8.059 0.035 17.569 
DDTMA-1.5 CEC 1.98 7.510 0.034 18.065 
DDTMA-2.0 CEC 2.03 9.189 0.044 19.239 
HDTMA-0.5 CEC 1.68 3.900 0.020 20.485 
HDTMA-1.0 CEC 2.51 5.255 0.029 21.824 
HDTMA-1.5 CEC 3.84 1.836 0.014 30.211 
HDTMA-2.0 CEC 3.81 0.832 0.009 41.682 
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Table 2. Kinetic parameters for the adsorption BPA by SAz-2-MMT and organoclays 
Sample 
pseudo-first order pseudo-second order 
k1 (min-1) qe1 (mg/g) R2 k2 (g/mg·min) qe2 (mg/g) R2 
MMT 0.0085 1.292 0.286 1.233 2.677 0.996 
1.0 CEC-DDTMA 0.0600 22.012 0.731 1.950 13.298 1.000 
2.0 CEC-DDTMA 0.0320 18.035 0.472 2.570 13.298 1.000 
1.0 CEC-HDTMA 0.0025 33.438 0.106 0.329 20.000 1.000 
2.0 CEC-HDTMA 0.0019 34.233 0.054 1.087 20.000 1.000 
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Table 3. Isotherm parameters for the adsorption of BPA by organoclays 
Temp (ºC) 
Langmuir Freundlich 
KL (L/mg) qm (mg/g) R2 KF (L/g) n R2 
1.0 CEC-DDTMA 
24 0.667 106.383 0.987 28.375 1.604 0.885 
35 0.164 111.111 0.982 12.955 1.470 0.957 
45 0.129 107.527 0.997 13.028 1.745 0.928 
2.0 CEC-DDTMA 
24 0.646 107.527 0.989 30.536 1.680 0.930 
35 0.152 112.360 0.985 10.533 1.260 0.870 
45 0.254 78.125 0.999 17.272 2.660 0.739 
1.0 CEC-HDTMA 
24 0.623 151.515 0.986 54.965 2.807 0.887 
35 0.260 140.845 0.992 32.570 2.550 0.869 
45 0.455 140.845 0.995 38.183 2.577 0.862 
2.0 CEC-HDTMA 
24 0.635 136.986 0.996 55.191 3.928 0.862 
35 0.191 94.340 0.998 25.708 3.662 0.917 
45 0.144 109.890 0.991 29.865 3.597 0.841 
26 
 
Table 4. Adsorption capacity for BPA by HDTMA modified organoclay in comparison 
to other materials. 
Material MAC (mg/g) a pH Temp. (°C) SBET(m2/g) Reference 
Single-walled carbon nanotube 
purchased from CAS 
455.0 NAb 25  540 [33] 
Activated carbon purchased from 
Westvaco 
378.3 7.0 25  1777 [34] 
Activated carbon-PCB 328.3 7.0 25  916 [13] 
Activated Carbon 263.1 6.5-7.0 25  1225 [6] 
Lignin 237.07  5.5 23  NAb [35] 
Graphene 182.0 6.0 29  181.6 [31] 
Activated carbon 181.19 2.35 30  1304.8 [36] 
Tropical sediments 148  3.0 25  NAb [37] 
SMZFA F prepared from coal fly 
ash 
114.9  10.4 25  91.5 [2] 
Hydrophobic Y-type zeolite 111.11  7.0 25 504 [38] 
Polyethersulfone-modified 
montmorillonite 
103.92  NAb 24  NAb [39] 
Carbon nanotube 69.93 6.5 7  94.8 [40] 
Polyethersulfone–organophilic 
montmorillonite  
20.7-32.0  NAb 25  NAb [41] 
Single walled carbon tube 13.39-16.05 8.2±0.1 NAb NAb [42] 
27 
 
Zeolite 11.20  7.0 25  402.96 [30] 
ZFA F prepared from coal fly ash 3.5  11.2 25  3.5 [2] 
Fe(III)/Cr(III) hydroxide 3.5  NAb 32  156 [43] 
Natural surface coatings samples 1.61±0.30  7.0 25  NAb [44] 
Surficial sediments 1.41±0.33  7.0 25  NAb [44] 
ZFA L prepared from coal fly ash 1.4  10.5 25  1.4 [2] 
Activated bleaching earth 0.86  7.0 25  257 [13] 
Diatomite 0.73  7.0 25  3.8 [13] 
Andesite 0.53  7.0 25  2.7 [13] 
Titanium dioxide 0.33  7.0 25  50.1 [13] 
Sewage sludge NAa 7.0 NAb NAb [45] 
HDTMA-modified SAz-2-MMT 151.52 7 24  5.255 
Present 
study 
aMaximum adsorption capacity obtained from the Langmuir model or from the adsorption 
capacity at the highest initial concentration. bData not available. 
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Table 5. Thermodynamic parameters for the adsorption of BPA by organoclays 
Sample 
Thermodynamic constant 
Temp. 
lnKº 
ΔGº 
ΔHº (kJ/mol) ΔSº (J/mol·K) 
(K) (kJ/mol) 
1.0 CEC-DDTMA 
297 3.82 -9.40 
-66.60 -193.67 308 2.55 -6.54 
318 1.96 -5.20 
2.0 CEC-DDTMA 
297 4.05 -9.97 
-63.26 -181.85 308 2.30 -5.88 
318 2.34 -6.18 
1.0 CEC-HDTMA 
297 4.73 -11.64 
-43.21 -108.42 308 3.31 -8.49 
318 3.58 -9.46 
2.0 CEC-HDTMA 
297 5.12 -12.61 
-74.90 -213.18 308 2.82 -7.21 
318 3.12 -8.24 
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Fig. 1. Bisphenol A. other name: p, p'-isopropylidenebisphenol, 2, 2-bis (4-
hydroxyphenyl) propane. Molar mass 228.29 g/mol. Density: 1.20 g/cm3. Melting point: 
431-432 K. Boiling point: 493 K. Solubility in water: 120–300 ppm (21.5 °C). Acid 
dissociation constant (pKa): 9.6-10.2.  
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Fig. 2. Nitrogen adsorption–desorption isotherms of SAz-2-MMT and the 
organoclays. 
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Fig. 3. Effect of agitation time on the adsorption of BPA by SAz-2-MMT and organoclays 
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Fig. 4. Pseudo-second order model for the adsorption of BPA by SAz-2-MMT and 
organoclays 
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Fig. 5. Effect of the initial pH on the adsorption of BPA by SAz-2-MMT and 
organoclays 
 
